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(57) ABSTRACT 

In a combination of control signals on data signals and the 
data signals where the combination contains data signals to 
be assigned respectively to a plurality of streams, a control 
unit assigns a control signal contained in a leading combi 
nation and assigns a data signal, contained in the leading 
combination, to a position posterior to the assigned control 
signal. The control unit appends a known signal to at least 
one of the remaining combinations and then assigns sequen 
tially the remaining combinations to a position posterior to 
the assigned data signal so as to generate packet signals. 
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RADIO APPARATUS AND COMMUNICATION 
SYSTEM UTILIZING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention relates to radio apparatuses, 
and it particularly relates to a radio apparatus using multiple 
Subcarriers and a communication system utilizing said radio 
apparatus. 

0003 2. Description of the Related Art 
0004 An OFDM (Orthogonal Frequency Division Mul 
tiplexing) modulation scheme is one of multicarrier com 
munication schemes that can realize the high-speed data 
transmission and are robust in the multipath environment. 
This OFDM modulation scheme has been applied to the 
wireless standards such as IEEE 802.11a/g and HIPERLAN/ 
2. The packet signals in Such a wireless LAN are generally 
transferred via a time-varying channel environment and are 
also subject to the effect of frequency selective fading. 
Hence, a receiving apparatus generally carries out the chan 
nel estimation dynamically. 
0005. In order for the receiving apparatus to carry out the 
channel estimation, two kinds of known signals are provided 
within a packet signal. One is the known signal, provided for 
all carries in the beginning of the burst signal, which is the 
so-called preamble or training signal. The other one is the 
known signal, provided for part of carriers in the data area 
of the burst signal, which is the so-called pilot signal (See 
Reference (1) in the following Related Art List, for 
instance). 
Related Art List 

(1) Sinem Coleri, Mustafa Ergen, Anuj Puri and Ahmad 
Bahai, “Channel Estimation Techniques Based on Pilot 
Arrangement in OFDM Systems, IEEE Transactions on 
broadcasting, vol. 48, No. 3, pp. 223-229, September 2002. 
0006. In wireless communications, adaptive array 
antenna technology is one of the technologies to realize the 
effective utilization of frequency resources. In adaptive 
array antenna technology, the directional patterns of anten 
nas are controlled by controlling the amplitude and phase of 
signals, to be processed, in a plurality of antennas, respec 
tively. One of techniques to realize higher data transmission 
rates by using Such an adaptive array antenna technology is 
the MIMO (Multiple-Input Multiple-Output) system. In this 
MIMO system, a transmitting apparatus and a receiving 
apparatus are each equipped with a plurality of antennas, and 
a plurality of packet signals to be transmitted in parallel are 
set (hereinafter, each of data to be transmitted in parallel in 
the packet signal is called 'stream”). That is, streams up to 
the maximum number of antennas are set for the commu 
nications between the transmitting apparatus and the receiv 
ing apparatus so as to improve the data transmission rates. 

1. Field of the Invention 

0007 Moreover, combining such a MIMO system with 
the OFDM modulation scheme results in a higher data 
transmission rate. For the purpose of enhancing the trans 
mission efficiency in this MIMO system, the data signals to 
be transmitted respectively in a plurality of packet signals 
are aggregated into a single packet signal. In so doing, the 
control signals are appended to the respective data signals. 
In other words, a plurality of combinations of control signals 
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(hereinafter referred to as “MIMO control signals’) and data 
signals are contained in the packet signals. In the case when 
the receiving apparatus receives these control signals and 
data signals, the weights and channel characteristics need to 
have been derived beforehand. Accordingly, the known 
signal in a MIMO system (hereinafter referred to as "MIMO 
known signals') are contained in the packet signals. 

0008. The compatibility with a system (hereinafter 
referred to as “legacy system'), which is not a MIMO 
system, is also required. In other words, it is required that the 
existence of packet signals be let known to a receiving 
apparatus of a legacy system. Accordingly, a known signal 
and a control signal for a legacy system (referred to as 
“legacy known signal” and “legacy control signal', respec 
tively) are assigned to a header portion of a packet signal. If 
these are aggregated, the packet format will be composed of 
a legacy known signal, a legacy control signal, a MIMO 
control signal and a MIMO known signal both contained in 
a leading combination, a data signal contained in the leading 
combination and the remaining combinations. Here, in the 
remaining combinations, the signals are arranged sequen 
tially in the order of a MIMO control signal and a MIMO 
data signal. 

0009. It is generally the case that the amount of infor 
mation to be transmitted by the legacy control signal and the 
MIMO control signal (hereinafter these will be generically 
referred to as “control signal) is smaller than the amount of 
information to be transmitted by the data signal. Thus, it is 
possible that the control signal is transmitted by a single 
stream. However, if the control signal is assigned to a single 
stream but the signals other than the control signal are 
assigned to multiple streams, the power will differ only in 
part of the packet signal. To reduce Such power fluctuation, 
the signals in which the control signal is subjected to cyclic 
timing shift in the period of control signal are assigned to the 
remaining streams. Such processing is generally called CDD 
(Cyclic Delay Diversity). To conform to the control signal, 
the legacy known signal and the MIMO known signal 
(hereinafter these will be generically referred to as “known 
signal') are also subjected to CDD. 

0010. As the amount of timing shift becomes larger, the 
effect of the delayed waves also grows. Hence, the receiving 
characteristics in the receiving apparatus compatible with 
the legacy system possibly deteriorate. Accordingly, in the 
light of compatibility with the legacy system, the Smaller 
amount of timing shift is desired in CDD. On the other hand, 
as the amount of timing shift becomes Smaller, the correla 
tion among the multiple streams becomes larger, so that the 
separation of streams will be inadequate. Hence, in consid 
eration of the characteristics in the MIMO system, the larger 
amount of timing shift is desired in CDD. Under these 
circumstances, CDD is applied to the legacy known signal, 
the legacy control signal and the MIMO control signal 
contained in a leading combination by using a relatively 
Small absolute value for the amount of timing shift and, at 
the same time, CDD is applied to the MIMO known signal 
by using a relatively large absolute value for the amount of 
timing shift. 

0011 Under these circumstances, the inventors of the 
present invention came to recognize the following problems 
to be solved. As the amount of timing shift in a MIMO 
control signal, the same value as the amount of timing shift 
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for a legacy known signal is set. As a result, CDD is 
implemented to a MIMO control signal contained in a 
leading combination by using the same value as the amount 
of timing shift in a legacy known signal assigned in a front 
part. However, the amount of timing shift in a MIMO 
control signal contained in the remaining combinations 
differs from the amount of timing shift in a MIMO known 
signal assigned to a front part. Accordingly, the weight 
estimated based on the MIMO known signal in a receiving 
apparatus may not be the value Suitable for receiving a 
MIMO control signal. Then, there may be cases where error 
is caused in the received MIMO known signal. Generally, 
the MIMO control signal contains more important informa 
tion than the data signal. The probability of error occurrence 
of signals in the remaining combinations is likely to 
increase. 

SUMMARY OF THE INVENTION 

0012. The present invention has been made in view of the 
foregoing circumstances and a general purpose thereof is to 
provide a radio apparatus which raises the likelihood of 
accurately transmitting the second and the Subsequent con 
trol signals and data signals when a plurality of combina 
tions of control signal and data signal are transmitted. 
0013 In order to solve the above problems, a radio 
apparatus according to one embodiment of the present 
invention is a radio apparatus for transmitting a packet 
signal composed of a plurality of streams, and the apparatus 
comprises: an input unit which inputs a plurality of combi 
nations of control signal on a data signal and said data signal 
wherein the combination contains data signals which are to 
be assigned respectively to a plurality of streams; a genera 
tion unit which generates a packet signal in a manner Such 
that a data signal contained in a leading combination among 
the plurality of combinations inputted by the input unit is 
assigned posterior to a known signal, a data signal contained 
in the leading combination is assigned posterior to said 
control signal, then a known signal is appended to at least 
one of the remaining combinations and then the remaining 
combinations are sequentially assigned posterior to said data 
signal; and a transmitter which transmits the packet signal 
generated by the generation unit. 
0014. According to this embodiment, a known signal is 
appended to at least one of the second and the Subsequent 
combinations, so that the possibility that the control signal 
and the data signal in the second and the Subsequent com 
binations can be accurately transmitted can be improved. 
0.015 While using as a reference a first known signal 
assigned to one of a plurality of streams and applying a 
cyclic timing shift within the known signal to a known signal 
assigned to another stream, the generation unit applies also 
a timing shift to the control signal, and may set an amount 
of timing shift in a manner that the amount of timing shift 
for the control signal is identical to a value of that for the 
known signal. In Such a case, the amount of timing shift for 
the control signal is set identical to the value of that for the 
known signal, so that the degradation of characteristics in 
demodulating the control signal can be suppressed. 
0016. Another embodiment of the present invention 
relates also to a radio apparatus. This apparatus is a radio 
apparatus for transmitting a packet signal composed of a 
plurality of streams and the apparatus comprises: an input 
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unit which inputs a plurality of combinations of control 
signal on a data signal and said data signal wherein the 
combination contains data signals which are to be assigned 
respectively to a plurality of streams; a generation unit 
which generates a packet signal in a manner Such that while 
a first known signal is being assigned anterior to a control 
signal contained in a leading combination among the plu 
rality of combinations inputted by the input unit and a 
second known signal is being assigned posterior to said 
control signal, a data signal contained in the leading com 
bination is assigned posterior to the second known signal, 
the second known signal is appended to at least one of the 
remaining combinations and then the remaining combina 
tions are sequentially assigned, posterior to said data signal; 
and a transmitter which transmits the packet signal gener 
ated by the generation unit. 
0017 According to this embodiment, the second known 
signal is appended to at least one of the second and the 
Subsequent combinations, so that the possibility that the 
control signal and the data signal in the second and the 
Subsequent combinations can be accurately transmitted can 
be raised. 

0018 While using as a reference a first known signal 
assigned to one of a plurality of streams and applying a 
cyclic timing shift within the first known signal to a known 
signal assigned to another stream, the generation unit applies 
also a timing shift to the second known signal and the 
control signal, and while setting an amount of timing shift to 
different values for the first known signal and the second 
known signal, the generation unit may set an amount of 
timing shift in a manner that an amount of timing shift for 
the control signal contained in the leading combination is 
equal to a value of that for the first known signal contained 
in the leading combination, and an amount of timing shift for 
a control signal contained in the remaining combinations is 
equal to a value of that for a second known signal contained 
in the remaining combinations. In such a case, the amounts 
of timing shift are set to the same value between the control 
signal and the first known signal contained in the leading 
combination, so that the degradation of characteristics in 
demodulating the control signal can be suppressed while the 
compatibility with a legacy system is maintained. Further 
more, since the amounts of timing shift are set to the same 
value between the control signal and the second known 
signal contained in the remaining combinations, the degra 
dation of characteristics in demodulating the control signal 
can be prevented. 
0019. The radio apparatus may further comprise a selec 
tor which selects either a first format or a second format and 
causes the generation unit to generate a packet signal of the 
selected format wherein the first format is such that while a 
first known signal is assigned anterior to a control signal, 
and a second known signal is assigned posterior to said 
control signal, and the second format is such that a control 
signal is assigned posterior to a second known signal and a 
data signal is assigned posterior to said control signal. 
Among the plurality of combinations inputted by the input 
unit, the selector may select the first format when the 
selector has the generation unit generate a packet signal of 
the leading combination, and the selector may select the 
second format when the selector has the generation unit 
generate a packet signal of the remaining combinations. In 
Such a case, a function to produce the first packet format 
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compatible with a legacy system and a function to produce 
the second packet format not compatible with a legacy 
system are prepared. Hence, a packet signal into which a 
plurality of combinations are aggregated can be easily 
produced by switching between the both functions. 
0020. The generation unit applies also a cyclic timing 
shift to a data signal, and may set an amount of timing shift 
to different values for a control signal and a data signal 
contained in the leading combination and may set an amount 
of timing shift in a manner that an amount of timing shift for 
control signals contained in the remaining combination is 
equal to that for data signals contained in the remaining 
combinations. In this case, the data signals can be demodu 
lated. 

0021. The generation unit may set an amount of timing 
shift in a manner that the absolute value of a timing shift 
amount for the control signal contained in the remaining 
combinations is greater than the absolute value of a timing 
shift amount for the control signal contained in the leading 
combination. In this case, the characteristics can be 
improved while the compatibility with a legacy system is 
maintained. 

0022. Still another embodiment of the present invention 
relates to a communication system. This communication 
system comprises: a transmitting apparatus which transmits 
a packet signal composed of a plurality of streams; and a 
receiving apparatus which receives the packet signal trans 
mitted from the transmitting apparatus. The transmitting 
apparatus includes: an input unit which inputs a plurality of 
combinations of control signal on a data signal and said data 
signal wherein the combination contains data signals which 
are to be assigned respectively to a plurality of streams; a 
generation unit which generates a packet signal in a manner 
Such that a control signal contained in a leading combination 
among the plurality of combinations inputted by the input 
unit is assigned posterior to a known signal and a data signal 
contained in the leading combination is assigned posterior to 
said control signal, then a known signal is appended to at 
least one of the remaining combinations and, thereafter, the 
remaining combinations are sequentially assigned posterior 
to said data signal; and a transmitter which transmits the 
packet signal generated by the generation unit. 

0023 Still another embodiment of the present invention 
relates also to a communication system. This communica 
tion system comprises: a transmitting apparatus which trans 
mits a packet signal composed of a plurality of streams; and 
a receiving apparatus which receives the packet signal 
transmitted from the transmitting apparatus. The transmit 
ting apparatus includes: an input unit which inputs a plu 
rality of combinations of control signal on a data signal and 
said data signal wherein the combination contains data 
signals which are to be assigned respectively to a plurality 
of streams; a generation unit which generates a packet signal 
in a manner Such that while a first known signal is being 
assigned anterior to a control signal contained in a leading 
combination among the plurality of combinations inputted 
by the input unit and a second known signal is being 
assigned posterior to said control signal, a data signal 
contained in the leading combination is assigned posterior to 
the second known signal and a second known signal is 
appended to at least one of the remaining combinations and 
then the remaining combinations are sequentially assigned 
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posterior to said data; and a transmitter which transmits the 
packet signal generated by the generation unit. 
0024 Data may be composed of a plurality of streams. A 
known signal may be composed of a plurality of streams. A 
control signal may be composed of a plurality of streams. 
0025. It is to be noted that any arbitrary combination of 
the aforementioned constituting elements, and the imple 
mentation of the present invention in the form of a method, 
an apparatus, a system, a recording medium, a computer 
program and so forth may also be effective as and encom 
passed by the embodiments of the present invention. 
0026. Moreover, this summary of the invention does not 
necessarily describe all necessary features so that the inven 
tion may also be sub-combination of these described fea 
tures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 Embodiments will now be described by way of 
examples only, with reference to the accompanying draw 
ings which are meant to be exemplary, not limiting and 
wherein like elements are numbered alike in several Figures 
in which: 

0028 FIG. 1 illustrates a spectrum of a multicarrier 
signal according to an embodiment of the present invention; 
0029 FIG. 2 illustrates a structure of a communication 
system according to an embodiment of the present inven 
tion; 
0030 FIGS. 3A to 3C illustrate packet formats, where 
each stream contains only a single combination of control 
signal and data signal, in a communication system shown in 
FIG. 2: 
0031 FIG. 4 illustrates packet formats, where a plurality 
of combinations of control signal and data signal are aggre 
gated, in a communication system shown in FIG. 2; 
0032 FIG. 5 illustrates another different packet formats, 
where a plurality of combinations of control signal and data 
signal are aggregated, in a communication system shown in 
FIG. 2: 

0033 FIG. 6 illustrates a structure of a first radio appa 
ratus shown in FIG. 2; 
0034 FIG. 7 illustrates a structure of a frequency-domain 
signal shown in FIG. 6; 
0035 FIGS. 8A and 8B illustrate constellations of L-SIG 
and HT-SIG shown in FIGS. 3A to 3C: 

0036 FIG. 9 illustrates a structure of a baseband pro 
cessing unit shown in FIG. 6; 
0037 FIG. 10 illustrates a structure of a receiving pro 
cessing unit shown in FIG. 9; and 
0038 FIG. 11 illustrates a structure of a transmitting 
processing unit shown in FIG. 9. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.039 The invention will now be described based on the 
following embodiments which do not intend to limit the 
scope of the present invention but exemplify the invention. 
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All of the features and the combinations thereof described in 
the embodiments are not necessarily essential to the inven 
tion. 

0040. An outline of the present invention will be given 
before a concrete description thereof. The embodiments of 
the present invention relate to a MIMO system comprised of 
at least two radio apparatuses. One of the radio apparatuses 
corresponds to a transmitting apparatus whereas the other 
corresponds to a receiving apparatus. The transmitting appa 
ratus generates one packet signal in Such a manner as to 
contain a plurality of combinations of control signal and data 
signal. Note that one packet signal is composed of a plurality 
of streams, or multiple streams. As mentioned earlier, if the 
amount of timing shift in a MIMO control signal contained 
in a second and the Subsequent combinations differs from the 
amount of timing shift in a MIMO known signal, the 
probability of error occurrence in MIMO control signals will 
increase. Thus, the following processing will be carried out 
in the present embodiments. 
0041. The transmitting apparatus applies CDD to the 
MIMO control signal contained in a leading combination, by 
using the same amount of timing shift as that in a legacy 
known signal assigned anterior thereto. On the other hand, 
the transmitting apparatus applies CDD to MIMO control 
signals contained in the second and the Subsequent combi 
nations, by using the same amount of timing shift as that in 
the MIMO known signal assigned anterior thereto. In other 
words, the transmitting apparatus uses different values 
wherein the value of the amount of timing shift for the 
MIMO control signal contained in the leading combination 
differs from the values of the amounts of timing shift for the 
MIMO control signals contained in the second and the 
Subsequent combinations, respectively. As a result, the deg 
radation of the receiving characteristics for the MIMO 
control signals contained in the second and the Subsequent 
combinations can be restricted while the compatibility with 
a legacy system and the characteristics in the MIMO system 
are being maintained. 
0.042 FIG. 1 illustrates a spectrum of a multicarrier 
signal according to an embodiment of the present invention. 
In particular, FIG. 1 shows a spectrum of a signal in the 
OFDM modulation scheme. One of a plurality of carriers in 
an OFDM modulation scheme is generally called a subcar 
rier. Herein, however, a subcarrier is designated by a “sub 
carrier number. In a MIMO system, 56 subcarriers, namely, 
Subcarrier numbers “-28 to “28’ are defined. It is to be 
noted that the subcarrier number '0' is set to null so as to 
reduce the effect of a direct current component in a baseband 
signal. On the other hand, 52 Subcarriers, namely, Subcarrier 
numbers “-26 to “26’ are defined in a legacy system. One 
example of legacy systems is a wireless LAN complying 
with the IEEE802.11a standard. The unit of one signal in the 
time domain is the unit of one signal composed of a plurality 
of subcarriers, and this unit will be called “OFDM symbol'. 
0043. The respective subcarriers are modulated by a 
modulation scheme which is set variably. Used here is any 
of modulation schemes among BPSK (Binary Phase-Shift 
Keying), QPSK (Quadrature Phase-Shift Keying), 16-QAM 
(Quadrature Amplitude Modulation) and 64-QAM. 
0044) Convolutional coding is applied, as an error cor 
rection scheme, to these signals. The coding rates for the 
convolutional coding are set to /2, 3/4 and so forth. The 
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number of data to be transmitted in parallel is set variably. 
The data are transmitted as packet signals and each of packet 
signals to be transmitted in parallel is called “stream’ as 
mentioned earlier. As a result thereof, since the mode of 
modulation scheme, the coding rate and the number of 
streams are set variably, the data rate is also set variably. It 
is to be noted that the “data rates' may be determined by 
arbitrary combination of these factors or by one of them. If 
the modulation scheme is BPSK and the coding rate is /2 in 
a legacy system, the data rate will be 6 Mbps. If, on the other 
hand, the modulation scheme is BPSK and the coding rate 
is 34, the data rate will be 9 Mbps. 

0045 FIG. 2 illustrates a structure of a communication 
system 100 according to an embodiment of the present 
invention. The communication system 100 includes a first 
radio apparatus 10a and a second radio apparatus 10b, which 
are generically referred to as “radio apparatus 10'. The first 
radio apparatus 10a includes a first antenna 12a, a second 
antenna 12b, a third antenna 12c and a fourth antenna 12d. 
which are generically referred to as “antennas 12. The 
second radio apparatus 10b includes a first antenna 14a, a 
second antenna 14b, a third antenna 14c and a fourth antenna 
14d, which are generically referred to as “antennas 14. 
Here, the first radio apparatus 10a corresponds to a trans 
mitting apparatus, whereas the second radio apparatus 10b 
corresponds to a receiving apparatus. 

0046) An outline of a MIMO system will be explained 
before the description of a structure of the communication 
system 100. Assume herein that data are being transmitted 
from the first radio apparatus 10a to the second radio 
apparatus 10b. The first radio apparatus 10a transmits 
respectively the data of multiple streams from the first 
antenna 12a to the fourth antenna 12d, respectively. As a 
result, the data rate becomes higher. The second radio 
apparatus 10b receives the data of multiple streams by the 
first antenna 14a to the fourth antenna 14d. The second radio 
apparatus 10b separates the received signals by adaptive 
array signal processing and demodulates independently the 
data of multiple streams. 

0047 Since the number of antennas 12 is “4” and the 
number of antennas 14 is also “4” here, the number of 
combinations of channels between the antennas 12 and the 
antennas 14 is “16”. The channel characteristic between 
from the ith antenna 12i to the jth antenna 14i is denoted by 
hi. In FIG. 2, the channel characteristic between the first 
antenna 12a and the first antenna 14a is denoted by h, that 
between the first antenna 12a and the second antenna 14b by 
h, that between the second antenna 12b and the first 
antenna 14a by h, that between the second antenna 12b 
and the second antenna 14b by h, and that between the 
fourth antenna 12d and the fourth antenna 14d by h.a. For 
the clarity of illustration, the other transmission channels are 
omitted in FIG. 2. Note that the roles of the first radio 
apparatus 10a and the second radio apparatus 10b may be 
reversed. 

0048 Next, a description of packet formats in the com 
munication system 100 will be given. For comparison, the 
format of a packet signal that contain a single combination 
of control signal and data signal will be described first. 
Following this, the format of an aggregated signal that 
contains a plurality of combinations of control signal and 
data signal will be described. 
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0049 FIGS. 3A to 3C illustrate packet formats, where 
each stream contains only a single combination of control 
signal and data signal. FIGS. 3A and 3B correspond to a first 
packet format and a second packet format defined in a 
MIMO system, respectively, and FIG. 3C corresponds to a 
packet format defined in a legacy system. In FIG. 3A, data 
contained in four streams are to be transmitted, and the 
packet formats corresponding to the first stream to the fourth 
stream are shown in order from the top to the bottom, 
respectively. In the packet signal corresponding to the first 
stream, “L-STF, “HT-LTF and so forth are assigned as 
preamble signals. “L-STF, “L-LTF and “L-SIG” and “HT 
SIG” correspond to a known signal for use with timing 
estimation compatible with a legacy system, a known signal 
for use with channel estimation compatible with a legacy 
system, a control signal compatible with a legacy system and 
a control signal compatible with a MIMO system, respec 
tively. For example, information on data rates is contained in 
the control signal compatible with a MIMO system. “HT 
STF and “HT-LTF correspond to a known signal for use 
with timing estimation compatible with a MIMO system and 
a known signal for use with channel estimation compatible 
with a MIMO system, respectively. “DATA 1 is a data 
signal. 
0050. In the packet signal corresponding to the second 
stream, “L-STF (-50 ns)”, “HT-LTF (-400 ns) and so forth 
are assigned as preamble signals. In the packet signal 
corresponding to the third stream, “L-STF (-100 ns), 
“HT-LTF (-200 ns) and so forth are assigned as preamble 
signals. In the packet signal corresponding to the fourth 
stream, “L-STF (-150 ns)”, “HT-LTF (-600 ns) and so 
forth are assigned as preamble signals. Here, “-400 ns' and 
the like indicate an amount of timing shift in CDD (Cyclic 
Delay Diversity). The CDD is a processing where in a 
predetermined interval a time-domain waveform is shifted, 
by a shift amount, in a posterior direction and then the 
waveform pushed out of the rearmost part in the predeter 
mined interval is assigned cyclically in a header portion of 
the predetermined interval. That is, a cyclic timing shift with 
the delayed amount of -50 ns is applied to “L-STF in 
“L-STF (-50 ns)'. Here, it is assumed that the duration of 
one OFDM symbol is 80 ns. 
0051) The control signals for “DATA 1 to “DATA4 are 
equivalent to “HT-SIG”, “HT-SIG (-50 ns)”, “HT-SIG 
(-100 ns) and “HT-SIG (-150 ns) which are assigned 
anterior to “DATA 1 to “DATA 4”, respectively. Accord 
ingly, the combination of “HT-SIG”, “HT-SIG (-50 ns), 
“HT-SIG (-100 ns)”, “HT-SIG (-150 ns) and “DATA 1 to 
“DATA 4” is called a “first combination'. The amount of 
timing shift for HT-SIG in the first combination is set to the 
same values as the amount of timing shift for "L-STF and 
“L-LTF. The amount of timing shift is set to different 
values between HT-SIG and DATA contained in the first 
combination. 

0.052 In the first stream, HT-LFTs are arranged from the 
top thereof in the order of “HT-LTF, “-HT-LTF, “HT 
LTF' and “-HT-LTF'. Here, in this order, HT-LTFs are 
called “first component”, “second component”, “third com 
ponent” and “fourth component’, respectively, in all of four 
streams. A desired signal for the first stream is extracted at 
the receiving apparatus by carrying out an operation of “first 
component minus (-) second component plus (+) third 
component minus (-) fourth component' for the received 
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signals of all the streams. By performing an operation of 
“first component+second component--third component+ 
fourth component' for the received signals of all the 
streams, desired signals for the second stream are extracted 
at the receiving apparatus. By performing an operation of 
“first component-second component-third component+ 
fourth component' for the received signals of all the 
streams, desired signals for the third stream are extracted at 
the receiving apparatus. By performing an operation of “first 
component+second component-third component-fourth 
component for the received signals of all the streams, 
desired signals for the fourth stream are extracted at the 
receiving apparatus. It is to be noted that the additions and 
Subtractions are done by the vector operation. 
0053) The portions from “L-LTF up to “HT-SIG” use 
“52” subcarriers in the same way as in a legacy system. Of 
“52” subcarriers, “4” subcarriers correspond to the pilot 
signals. On the other hand, the portions corresponding to 
“HT-LTF and the like and the subsequent fields use “56” 
Subcarriers. 

0054) “L-STF, “L-LTF and “L-SIG” shown in FIG. 3A 
are not assigned in FIG. 3B. That is, the signals with which 
to maintain the compatibility with a legacy system are not 
assigned in FIG.3B. Referring to FIG.3B, four HT-LTFs are 
assigned following “HT-STF in the first stream the same 
way as in FIG. 3A, but “HT-SIG” is assigned between the 
first HT-LTF of “HT-LTF and the Second HT-LTF of 
“-HT-LTF. Also, “DATA 1 is assigned posterior to “HT 
LTF and so forth. For the second to the fourth stream, 
assigned are the signals in which CDD is applied to the first 
stream by -400 ns, -200 ns and -600 ns, respectively. Here, 
“HT-SIG” and the like assigned between “HT-ITFs” and the 
like and “DATA 1 to “DATA 4 are called “first combina 
tion. 

0.055 Similar to FIG. 3A, “L-STF, “L-LTF and 
“L-SIG” are assigned in FIG. 3C. “DATA' is further 
assigned posterior to “L-SIG” in FIG. 3C. 

0056 FIG. 4 illustrates packet formats, where a plurality 
of combinations of control signal and data signal are aggre 
gated, when the first combination in which a signal to 
maintain the compatibility with a legacy system is assigned 
in the beginning is utilized. 

0057 The signals such as “L-STF, “L-LTF, “L-SIG” 
and “HT-SIG” with which to maintain the compatibility with 
a legacy system, the known signals such as “HT-STF and 
“HT-LTF compatible with a MIMO system and Data sig 
nals shown in FIG. 4 are assigned the same way as in FIG. 
3A. A second combination of control signal and data signal 
and the Subsequent combinations are assigned posterior to 
“DATA 1 to “DATA 4. When the Second combination is 
assigned, a known signal “HT-LTF, for channel estimation, 
corresponding to a MIMO system is appended as a 
midamble signal as necessary. A description will now be 
given of the arrangement of signals in the second and the 
Subsequent combinations. 
0058 Referring still to FIG. 4, four known signals for 
channel estimation, which are “HT-LTF, “-HT-LTF, “HT 
LTF and “-HT-LTF', are assigned posterior to “DATA 1” 
in the first stream. However, “HT-SIG” is assigned, as a 
control signal, between the first HT-LTF of “HT-LTF' and 
the second HT-LTF of “-HT-LTF. Signals in which CDD is 
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applied to the thus obtained first stream by -400 ns, -200 ns 
and -600 ns are assigned posterior to “DATA 2' to “DATA 
4” in the second to the fourth stream, respectively. “DATA 
5” to “DATA 8” are assigned posterior to the four HT-LTFs 
of “-HT-LTF, “HT-LTF (-400 ns)”, “HT-LTF (-200 ns) 
and “-HT-LTF (-600 ns) in the first to the fourth stream, 
respectively. 

0059) Here, “HT-SIG”, “HT-SIG (-400 ns)”, “HT-SIG 
(-200 ns) and “HT-SIG (-600 ns) are control signals for 
“DATA 5’ to “DATA 8”. Accordingly, the combination of 
“HT-SIG”, “HT-SIG (-400 ns)”, “HT-SIG (-200 ns) and 
“HT-SIG (-600 ns) and “DATA 5’ to “DATA 8” is called 
a “second combination'. 

0060. The same applies to the third and the subsequent 
combinations, and combination of “HT-SIG”, “HT-SIG 
(-400 ns)”, “HT-SIG (-200 ns)”, “HT-SIG (-600 ns) and 
“DATAN to DATAN+3 assigned in the rearmost part is 
called “{(N+3)/4}-th combination'. 
0061 Here, a midamble signal is appended according as 
the necessity arises, for the second and the Subsequent 
combinations. The midamble signals may be appended in all 
of the second and the Subsequent combinations, or the 
midamble signal may be appended in at least one of the 
second and the Subsequent combinations. For example, an 
arrangement may be such that the no midamble signal is 
appended in the first half of the second and the subsequent 
combinations and the midamble signals are appended in the 
last half of the second and the Subsequent combinations. In 
this manner, various types of appending a midamble signal 
may be implemented depending on the operating environ 
ment. 

0062) The amount of timing shift for HT-SIG in the 
second and the Subsequent combinations is set to a value 
identical to that for “HT-STF and “HT-LTF. That is, the 
amount of timing shift for HT-SIG in the second and the 
subsequent combinations is set to a value different from that 
for HT-SIG in the first combination. The amount of timing 
shift is set to the same value among HT-SIGs and DATA 
contained in the “second combination” to the “{(N+3)/4}-th 
combination'. 

0063) The amount of timing shift for HIT-SIG in the first 
combination is set to a value identical to that for "L-STF 
and “L-LTF. That is, the amount of timing shift for HT-SIG 
in the first combination is set to a value different from that 
for “HT-STF and “HT-LTF. On the other hand, the amount 
of timing shift for HT-SIG in the second and the subsequent 
combinations is set to a value identical to that for “HT-STF 
and HT-LTF 

0064 FIG. 5 illustrates packet formats, where a plurality 
of combinations of control signal and data signal are aggre 
gated, when the second combination in which a signal to 
maintain the compatibility with a legacy system is not 
assigned is utilized. 

0065. The known signals, such as “HT-STF and “HT 
LTF, compatible with a MIMO system and the data signals 
containing “DATA 1 to “DATA4 are assigned in the same 
manner as those of FIG. 3B. And the second and the 
Subsequent combinations of control signal and data signal 
are assigned posterior to “DATA 1 to “DATA4. When the 
second combination is assigned, known signals "HT-LTFs. 
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for channel estimation, compatible with a MIMO system are 
appended as midamble signals as necessary. 
0066. As shown in FIG. 5, the arrangement of signals in 
the second and the Subsequence combinations is exactly the 
same as that in the second and the Subsequent combinations 
in the first format described in FIG. 4. That is, the four 
HT-LTFs, for channel estimation, which are “HT-LTF, 
“-HT-LTF, “HT-LTF' and “-HT-LTF are assigned poste 
rior to “DATA1, but “HT-SIG” is assigned between the first 
HT-LTF of “HT-LTF and the Second HT-LTF of “-HT 
LTF. The arrangement of signals following “DATA2 to 
“DATA 4” is the same as with the first stream except for the 
amounts of timing shift, and control signals for “DATA 6' to 
“DATA 8” are assigned between the first and the second 
known signal in the four known signals for channel estima 
tion, respectively. 
0067. Here, the amount of timing shift for HT-SIG in the 
first combination is set to a value identical to that for 
“HT-STF and “HT-LTF'. And the amount of timing shift 
for HT-SIG in the second and the subsequent combinations 
is set to a value identical to that for HT-SIG in the first 
combination. 

0068 FIG. 6 illustrates a structure of a first radio appa 
ratus 10a. The first radio apparatus 10a includes a first radio 
unit 20a, a second radio unit 20b, ... and a fourth radio unit 
20d, which are generically referred to as “radio unit 20, a 
baseband processing unit 22, a modem unit 24, an IF unit 26 
and a control unit 30. Signals involved include a first 
time-domain signal 200a, a second time-domain signal 
200b, ... and a fourth time-domain signal 200d, which are 
generically referred to as “time-domain signal 200”, and a 
first frequency-domain signal 202a, a second frequency 
domain signal 202b, a third frequency-domain signal 202c 
and a fourth frequency-domain signal 202d, which are 
generically referred to as “frequency-domain signal 202. 
The second radio apparatus 10b has a structure similar to 
that of the first radio apparatus 10a. 
0069. As a receiving operation, the radio unit 20 carries 
out frequency conversion of radiofrequency signal received 
by the antennas 12 so as to derive baseband signals. The 
radio unit 20 outputs the baseband signals to the baseband 
processing unit 22 as the time-domain signals 200. The 
baseband signal, which is composed of in-phase components 
and quadrature components, shall generally be transmitted 
by two signal lines. For the clarity of figure, the baseband 
signal is presented here by a single signal line only. An AGC 
(Automatic Gain Control) unit and an A-D conversion unit 
are also included. The AGC unit sets gain in “L-STF and 
“HTSTF. 

0070. As a transmission operation, the radio unit 20 
carries out frequency conversion of baseband signals from 
the baseband processing unit 22 so as to derive radiofre 
quency signals. Here, the baseband signal from the baseband 
processing unit 22 is also indicated as the time-domain 
signal 200. The radio unit 20 outputs the radiofrequency 
signals to the antennas 12. That is, the radio unit 20 transmits 
radiofrequency packet signals from the antennas 12. A PA 
(Power Amplifier) and a D-A conversion unit are also 
included. It is assumed herein that the time-domain signal 
200 is a multicarrier signal converted to the time domain and 
is a digital signal. 
0071. As a receiving operation, the baseband processing 
unit 22 converts a plurality of time-domain signals 200 
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respectively into the frequency domain and performs adap 
tive array signal processing on the thus converted frequency 
domain signals. Then the baseband processing unit 22 
outputs the result of adaptive array signal processing as the 
frequency-domain signals 202. One frequency-domain sig 
nal 202 corresponds to a plurality of streams transmitted 
from the second radio apparatus 10b, not shown here. As a 
transmission operation, the baseband processing unit 22 
inputs, from the modem unit 24, the frequency-domain 
signals 202 serving as signals in the frequency domain, 
converts the frequency-domain signals into time domain and 
then outputs the thus converted signals as time-domain 
signals 200 by associating them respectively to a plurality of 
antennas 12. 

0072. It is assumed that the number of antennas 12 to be 
used in the transmission processing is specified by the 
control unit 30. It is assumed herein that the frequency 
domain signal 202, which is a signal in the frequency 
domain, contains a plurality of Subcarrier components as 
shown in FIG. 1. For the clarity of figure, the frequency 
domain signal is arranged in the order of the Subcarrier 
numbers, and forms serial signals. 
0.073 FIG. 7 illustrates a structure of a frequency-domain 
signal. Assume herein that a combination of Subcarrier 
numbers “-28’ to "28’ shown in FIG. 1 constitutes an 
“OFDM symbol'. An “i'th OFDM symbol is such that 
Subcarriers components are arranged in the order of Subcar 
rier numbers “1” to “28’ and Subcarrier numbers “-28 to 
“-1. Assume also that an “(i-1)th OFDM symbol is placed 
before the “i'th OFDM symbol, and an “(i+1)'th OFDM 
symbol is placed after the “i'th OFDM symbol. Note that, in 
"L-SIG” or the like shown in FIG. 3A, a combination of 
“-26 to “26' is used for one “OFDM symbol'. 
0074 Now refer back to FIG. 6. The baseband processing 
unit 22 performs CDD to generate packet signals corre 
sponding to FIGS. 3A and 3B.CDD is performed as a matrix 
C expressed by the following Equation (1). 

1)/Nout)) (1) 

where 6 indicates a shift amount and W indicates the sub 
carrier number. The multiplication of C with streams is 
carried out per Subcarrier. That is, the baseband processing 
unit 22 performs a cyclic timing shift within L-STS or the 
like on a stream-by-stream basis. The shift amount is set to 
a different value per stream to correspond to FIGS. 3A and 
3B. 

0075. As a receiving processing, the modem unit 24 
demodulates and deinterleaves the frequency-domain signal 
202 outputted from the baseband processing unit 22. The 
demodulation is carried out per subcarrier. The modem unit 
24 outputs the demodulated signal to the IF unit 26. As a 
transmission processing, the modem unit 24 carries out 
interleaving and modulation. The modem unit 24 outputs the 
modulated signal to the baseband processing unit 22 as a 
frequency-domain signal 202. When the transmission pro 
cessing is carried out, the modulation scheme is specified by 
the control unit 30. 

0076. Here, the structure up to “L-SIG” is the same in 
both the first packet format defined in a MIMO system of 
FIG. 3A and the packet format defined in a legacy system of 
FIG. 3C (hereinafter referred to as “legacy format”). On the 
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other hand, “HT-SIG” is assigned immediately after 
“L-SIG” in the first packet format, whereas “DATA' is 
assigned immediately after "L-SIG” in the legacy format. 
Here, the constellation in “DATA differs from that in 
“HTSIG”. 

0077. In cooperation with the control unit 30 described 
later, in a receiving processing the modem unit 24 detects the 
presence of “HT-STF by demodulating “HT-SIG” in the 
frequency-domain signal 202. That is, if, among the packet 
signals demodulated by the modem unit 24, the constellation 
in a part posterior to “L-SIG” corresponds to the constella 
tion in “HT-SIG”, it is determined by the control unit 30 that 
the presence of “HT-SIG” has been detected. To explain the 
aforementioned operation, a description of the constellation 
of “HT-SIG” and the like will now be given. 
0078 FIGS. 8A and 8B illustrate constellations of L-SIG 
and HT-SIG. FIG. 8A shows a constellation defined for 
L-SIG. The horizontal axis indicates an in-phase axis (here 
inafter referred to as “I axis) and the vertical axis an 
orthogonal axis (hereinafter referred to as “Q axis). Refer 
ring to FIG. 8A, a signal point is placed on "+1 or “-1 on 
the I axis. FIG. 8B shows a constellation defined for HT 
SIG. Referring to FIG. 8B, a signal point is placed on "+1 
or “-1' on the Q axis, and this placement is orthogonal to 
the constellation defined for L-SIG. 

0079 That is, if HT-SIG is assigned posterior to L-LTF or 
HT-LTF, namely, if the signal of the constellation shown in 
FIG. 8B is assigned, then it will be specified by the control 
unit 30 that the packet signal is of the second packet format. 
On the other hand, if HT-SIG is not assigned posterior to 
L-LTF or HT-LTF, it will be specified by the control unit 30 
that the packet signal is of the first packet format or the 
legacy format. The control unit 30 makes a distinction 
between the first packet format and the legacy format in the 
following manner. 
0080. In the first packet format, HT-SIG is assigned 
posterior to L-SIG. However, in the legacy format, HT-SIG 
is not assigned posterior to L-SIG. Accordingly, the control 
unit 30 specifies, from a change in the constellation of 
demodulated BPSK, whether HT-SIG is assigned posterior 
to L-SIG or not. For data in the legacy format, there is a 
possibility that QPSK and 16-QAM may be used besides 
BPSK shown in FIG. 8A. In BPSK and 16-QAM, too, the 
signal point has a predetermined point on the I axis, as 
different from FIG. 8B. Thus, the control unit 30 can specify 
whether HT-SIG is assigned posterior to L-SIG or not, by 
checking on the value of demodulated signal point on the I 
axis. If HT-SIG is transmitted, the modulation scheme for 
the L-SIG part will be BPSK. If the packet signal compatible 
with a legacy system is received, the modulation scheme of 
this part should be BPSK and the values of Q components 
will be small. If, on the other hand, HT-SIG is received, the 
values of Q components will be large. With this ingenuity, 
the accuracy in the auto-detection of HT-SIG is raised. Now 
refer back to FIG. 6. 

0081. As a receiving processing, the IF unit 26 combines 
signals outputted from a plurality of modem units 24 and 
then forms one data stream. Then the IF unit 26 decodes the 
one data stream. The IF unit 26 outputs the demodulated data 
stream. As a transmission processing, the IF unit 26 inputs 
one data stream, encodes it and then separates it. A plurality 
of combinations of HT-SIG, which is a control signal on 
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DATA, and said data are contained in the data stream 
wherein the plurality of combinations contain data which are 
to be assigned respectively to a plurality of streams. Then the 
IF unit 26 outputs the thus separated data to a plurality of 
modem units 24. It is assumed that the coding rate is 
specified by the control unit 30 at the time of transmission 
processing. Here, an example of the coding is convolutional 
coding, whereas an example of decoding is Viterbi decod 
1ng. 

0082 The control unit 30 controls the timing and the like 
of the first radio apparatus 10a. The control unit 30 generates 
packet signals formed by a plurality of streams as shown in 
FIGS. 4 and 5 while cooperating with the IF unit 26, the 
modem unit 24 and the baseband processing unit 22. Though 
the control unit 30 can produce a packet signal of a legacy 
system as shown in FIG. 3C, the description thereof is 
omitted here. Now the description is given here of a case 
when a packet signal in the first packet format shown in FIG. 
4 is generated. Among a plurality of combinations, the 
control unit 30 assigns L-STF and L-LTF to a position 
anterior to HT-SIG contained in a leading combination, and 
assigns HT-STF and HT-LTF to a position posterior to said 
HT-STF. The control unit 30 assigns Data contained in the 
leading combination to a position posterior to HT-LTF, and 
assigns the fields in the order of the first HT-LTF, HT-SIG 
contained in the second combination, the remaining HT 
LTFs and the like to positions posterior to said Data. As for 
the third combination and the Subsequent combinations, they 
will be sequentially arranged in the similar manner. 
0083. While using L-STF assigned to the first stream as 
a reference, the control unit 30 applies a cyclic timing shift 
within L-STF to L-STF assigned in the other streams. That 
is, the control unit 30 executes CDD and sets a different 
value of timing shift amount for each stream. The control 
unit 30 also applies CDD to L-LTF, L-SIG, HT-SIG, HT 
STF and HT-LTF. Here, the amounts of timing shift for 
L-STF, L-LTF, L-SIG and HT-SIG contained in the first 
combination are defined to be -50 ns, -100 ns and -150 ns, 
respectively. On the other hand, the amounts of timing shift 
for HT-STF, HT-LTF and HT-SIG contained in the second 
and subsequent combinations are defined to be -400 ns. 
-200 ns and -600 ns, respectively. 
0084 That is, while setting an amount of timing shift to 
different values for L-LTF and the like and HT-LTF and the 
like, the control unit 30 sets an amount of timing shift in a 
manner that an amount of timing shift for HT-SIG in the 
leading combination is equal to that for L-LTF. In particular, 
the amount of timing shift is set in a manner that the absolute 
value of a timing shift amount for L-LTF and the like is 
smaller than the absolute value of a timing shift amount for 
HT-LTF and the like. Hence, the compatibility with a legacy 
system is maintained in L-LTF and the like and the charac 
teristics of a MIMO system is improved. The control unit 30 
sets the amount of timing shift to the same value between 
HT-LTF and HT-SIG contained in the remaining combina 
tions. That is, the control unit 30 sets the amount of timing 
shift in a manner that the absolute value of a timing shift 
amount for HT-SIG contained in the leading combination is 
smaller than the absolute value of a timing shift amount for 
HT-SIG contained in the remaining combinations. The con 
trol unit 30 instructs the processing according to the above 
setting, to the modem unit 24 and the baseband processing 
unit 22. The control unit 30 sets the amount of timing shift 
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to different values between HT-SIG and Data contained in 
the first combination, and set it to the same value between 
HT-SIG and Data contained in the remaining combinations. 
0085. As a result of the amounts of timing shift defined 
as above, HT-SIG contained in the first combination is 
demodulated based on L-LTF assigned anterior thereto but 
the amounts of timing shift for both these fields are the same, 
so that degradation in demodulation characteristics can be 
restricted. HT-SIG and Data contained in the second com 
bination are demodulated based on HT-LTF assigned as a 
midamble signal in this slot but the amounts of timing shift 
for both these fields are the same, so that degradation in 
demodulation characteristics can be restricted. Similarly, 
HT-SIG and Data contained in the third and subsequent 
combinations are demodulated based on HT-LTF assigned as 
a midamble signal in this slot but the amounts of timing shift 
for both these fields are the same, so that degradation in 
demodulation characteristics can be restricted. HT-SIG and 
Data in a slot containing no midamble signal are demodu 
lated based on HT-LTF assigned as a midamble signal placed 
anterior thereto or based on HT-LTF assigned as a preamble 
signal. Here, “demodulated based on L-LTF and “demodu 
lated based on HT-LTF mean that the demodulation is 
carried out by the estimation of weight vectors in the 
baseband processing unit 22 and the channel estimation in 
the modem unit 24. As a result thereof, HT-SIGs Data 
contained respectively in a plurality of combinations are 
accurately demodulated. Hence, the radio apparatus 10 can 
enhance the receiving characteristics. 
0086 A description will now be given of a case where the 
control unit 30 produces the packet signals of the second 
packet format shown in FIG. 5. The control unit 30 assigns 
HT-SIG, contained in the leading combination among a 
plurality of combinations, to a position posterior to HT-STF 
and a first HT-LTF and assigns the remaining HT-LTFs and 
the like to a position posterior to this HT-SIG. Then the 
control unit 30 assigns Data to a position posterior thereto 
and assigns a first HT-LTF, HT-SIG contained in the second 
combination, the remaining HT-LTFs and the like in this 
order, to a position posterior to this Data, and assigns Data 
contained in the second combination to a position posterior 
thereto. As for the third combination and the subsequent 
combinations, they will be sequentially arranged in the 
similar manner. Here, the control unit 30 sets the amount of 
timing shift in a manner that any of amounts of timing shift 
for HT-SIG contained in the leading combination and for 
HT-SIGs contained in the remaining combinations is equal 
to the amount of timing shift for HT-STF and HT-LTF. That 
is, the amounts of timing shift for the second to the fourth 
stream are defined to be -400 ns, -200 ns and -600 ns only. 
0087. The control unit 30 receives instructions from a 
user via an interface (not shown) and selects the use of either 
the first packet format or the second packet format, based on 
the received instructions. Alternatively, the control unit 30 
checks the format of packet signals received via the radio 
unit 20, the baseband processing unit 22 and the modem unit 
24. More specifically, the control unit 30 checks if “L-STF, 
“L-LTF and “L-SIG” are assigned in a header portion of a 
packet signal. In other words, the control unit 30 checks if 
the first packet format or legacy format is used. For example, 
the baseband processing unit 22 and so forth store the 
patterns of “L-STF and “L-LTF beforehand, and compute 
the values of correlation between a received packet signal 
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and the patterns stored. If a correlation value gets larger than 
a threshold value, it will be determined by the control signal 
30 that “L-STF and “L-LTF are assigned. 
0088. If a packet signal of the first packet format or a 
packet signal of the legacy format is detected over a prede 
termined period of time, the control unit 30 selects the use 
of the first packet format at the time of transmission. That is, 
when it is detected that the first packet format or legacy 
format is being used, it is assumed that radio apparatuses of 
legacy system exist in the vicinity. Hence, the first packet 
format is used to maintain the compatibility with those. If 
on the other hand, a packet signal of the first packet format 
or a packet signal of the legacy format is not detected over 
a predetermined period of time, the control unit 30 selects 
the use of the second packet format at the time of transmis 
Sion. In this case, it is assumed contrary to the above state 
that no radio apparatus of legacy system exists in the 
vicinity. Hence, the second packet format with high utiliza 
tion efficiency is used. 
0089. When it assigns a signal, provided for maintaining 
the compatibility with a legacy system to a header, as shown 
in FIG. 4 and then produces packet signals in which a 
plurality of combinations of control signal and data signal 
are aggregated into a packet signal, the control unit 30 
selects a function to produce packets using the first packet 
format and then generates a signal format in the first row as 
shown in FIG. 4 compatible with a legacy system if the 
packet signal of the leading combination in the plurality of 
combinations is to be produced. Following this, when it 
produces the packet signals in the second and the Subsequent 
combinations, the control unit 30 switches the function to a 
function to produce packets using the second packet format 
and then generates signal formats in the second and the 
Subsequent rows. 
0090 When it does not assign a signal, provided for 
maintaining the compatibility with a MIMO system, as 
shown in FIG. 5 and then produces packet signals in which 
a plurality of combinations of control signal and data signal 
are aggregated into a packet signal, the control unit 30 
selects a function to produce packets using the second 
packet format and then sequentially generates the packet 
signals starting from the leading combination. 

0091. In terms of hardware, this structure can be realized 
by a CPU, a memory and other LSIs of an arbitrary 
computer. In terms of Software, it is realized by memory 
loaded programs which have communication functions and 
the like, but drawn and described herein are function blocks 
that are realized in cooperation with those. Thus, it is 
understood by those skilled in the art that these function 
blocks can be realized in a variety of forms such as by 
hardware only, software only or the combination thereof. 
0092 FIG. 9 illustrates a structure of a baseband pro 
cessing unit 22. The baseband processing unit 22 includes a 
processing unit for use with receiving 50 and a processing 
unit for use with transmission 52. The receiving processing 
unit 50 executes a part, corresponding to a receiving opera 
tion, of operations by the baseband processing unit 22. That 
is, the receiving processing unit 50 performs adaptive array 
signal processing on time-domain signals 200 and, for that 
purpose, derives receiving weight vectors in the frequency 
domain. Then the receiving processing unit 50 outputs the 
result of array synthesis as the frequency-domain signal 202. 
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0093. The transmitting processing unit 52 executes a part, 
corresponding to a transmission operation, of operations by 
the baseband processing unit 22. That is, the transmitting 
processing unit 52 converts the frequency-domain signals 
202 so as to generate the time-domain signals 200. The 
transmitting processing unit 52 associates a plurality of 
streams respectively with a plurality of antennas 12. The 
transmitting processing unit 52 also executes CDD as shown 
in FIGS. 3A and 3B. Finally, the transmitting processing unit 
52 outputs the time-domain signals 200. 
0094 FIG. 10 illustrates a structure of the receiving 
processing unit 50. The receiving processing unit 50 
includes an FFT unit 74, a weight vector derivation unit 76, 
and a first combining unit 80a, a second combining unit 80b, 
a third combining unit 80c and a fourth combining unit 80d. 
which are generically referred to as “combining unit 80'. 
0.095 The FFT unit 74 performs FFT on the time-domain 
signal 200 so as to convert the time-domain signal 200 into 
a frequency-domain value. It is assumed here that the 
frequency-domain value is structured as shown in FIG. 7. 
That is, a frequency-domain value for one time-domain 
signal 200 is outputted via one signal line. 
0096) The weight vector derivation unit 76 derives a 
weight vector from a frequency-domain value, on a Subcar 
rier-by-subcarrier basis. The weight vector is so derived as 
to correspond to each of a plurality of streams, and a weight 
vector for one stream contains factors corresponding to the 
number of antennas, for each stream. HT-LTF and the like 
are used to derive a weight vector corresponding to each of 
a plurality of streams. To derive the weight vector, an 
adaptive algorithm may be used or a channel characteristics 
may be used. Since a known technique may be employed in 
Such processing, the explanation thereof is omitted here. As 
described earlier, when deriving the weights, the weight 
vector derivation unit 76 carries out an operation of “the first 
component-the second component+the third component 
the fourth component'. As described earlier, the weights are 
finally derived per Subcarrier, per antenna 12 and per stream. 
0097. The combining unit 80 combines the frequency 
domain value converted by the FFT unit 74 and the weight 
vector from the weight vector derivation unit 76. For 
example, as the weight vector to which a multiplication is to 
be executed, a weight which corresponds to both one sub 
carrier and the first stream is selected from among the weight 
vectors from the weight vector derivation unit 76. The 
selected weight has a value corresponding to each antenna 
12. 

0098. As another weight vector to which a multiplier is to 
be executed, a value corresponding to one Subcarrier is 
selected from among the frequency-domain values con 
verted by the FFT unit 74. The selected value contains a 
value corresponding to each antenna 12. Note that both the 
selected weight and the selected value belongs to the same 
subcarrier. While being associated respectively with the 
antennas 12, the selected weight and the selected value are 
respectively multiplied and the multiplication results are 
Summed up. As a result, a value corresponding to one 
subcarrier in the first stream is derived. In the first combin 
ing unit 80a, the above-described processing is performed 
on the other Subcarriers so as to derive data corresponding 
to the first stream. The second combining unit 80b to the 
fourth combining unit 80d carries out the similar processing 
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So as to derive data corresponding respectively to the second 
to fourth streams. The derived first to fourth streams are 
outputted as the first frequency-domain signal 202a to the 
fourth frequency-domain signal 202d, respectively. 

0099 FIG. 11 illustrates a structure of the transmitting 
processing unit 52. The transmitting processing unit 52 
includes a distribution unit 66 and an IFFT unit 68. The IFFT 
unit 68 performs IFFT on the frequency-domain signals 202 
and then outputs time-domain signals. As a result thereof, 
the IFFT unit 68 outputs the time-domain signal correspond 
ing to each stream. 

0100. The distribution unit 66 associates the streams from 
the IFFT unit 68 with the antennas 12. Since it is assumed 
here that the number of antennas 12 used is identical to the 
number of streams, each stream is directly associated with 
each antenna 12. The distribution unit 66 applies CDD to the 
streams to be transmitted, namely, “L-SIG” and the like 
among the respective packet signals. 

0101. An operation of the radio apparatus 10 structured 
as above will now be described. By checking the format of 
the packet signals received via the radio unit 20, the base 
band processing unit and modem unit 24, the control unit 30 
estimates whether or not there exists any radio apparatus of 
legacy system in the vicinity. If it is estimated that the radio 
apparatus of legacy system exists in the vicinity, the control 
unit 30 will decide on the use of the first packet format. If 
it is estimated that the radio apparatus of legacy system does 
not exist in the vicinity, the control unit 30 will decide on the 
use of the second packet format. When using the first packet 
format, the control unit 30 exercises control in such a 
manner as to append HT-LTF to the second and the subse 
quent combinations as necessary, and the baseband process 
ing unit 22 applies CDD to the fields in a manner such that 
the amount of timing shift for L-STF, L-LTF, L-SIG and 
HT-SIG contained in the leading combination and the 
amount of timing shift for HT-STF, TH-LTF and HT-SIG 
contained in the second and the Subsequent combinations are 
set to different values. On the other hand, when using the 
second packet format, the control unit 30 exercises control 
in such a manner as to append HT-LTF to the second and the 
Subsequent combinations as necessary, and the baseband 
processing unit 22 applies CDD to the fields in a manner 
such that the amounts of timing shift for HT-STF, HT-LTF 
and HT-SIG contained in all the combinations are all set to 
the same value. 

0102) According to the present embodiments, the amount 
of timing shift for a known signal assigned immediately 
before HT-SIG is set as the amount of timing shift for said 
HT-SIG contained in each of a plurality of combinations. 
Thus, the degradation of characteristics in demodulating 
HT-SIG can be suppressed. The amount of timing shift for 
HT-SIG contained in the leading combination is set to the 
same value as that of the amount of timing shift for L-STF 
and L-LTF. As a result, the degradation of characteristics in 
demodulating HT-SIG can be suppressed while the compat 
ibility with the legacy system is maintained. Since the 
amount of timing shift for HT-SIG and DATA contained in 
the remaining combinations is set to the same value as that 
of the amount of timing shift for HT-STF and HT-LTF, the 
degradation of characteristics in demodulating HT-SIG can 
be suppressed while the characteristics of a MIMO system 
is improved. Since HT-LTF is given as a midamble signal in 
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the remaining combinations, the channel estimation can be 
redone and thus the deterioration of quality can be pre 
vented. 

0103) When a plurality of combinations of control signal 
and data signal are aggregated into a packet signal with a 
signal provided for maintaining the compatibility with a 
legacy system being assigned in a header, a function to 
produce the first packet format compatible with a legacy 
system and a function to produce the second packet format 
not compatible with a legacy system are prepared. Then the 
packet signal into which a plurality of combinations are 
aggregated can be easily produced by Switching between the 
both functions. That is, the signals may be produced by use 
of the first packet format when the leading combination is to 
be generated, whereas the signals may be produced by 
Switching to the second packet format when the second and 
the Subsequent packet signals are to be generated. 
0.104) The amount of timing shift is set in a manner that 
the absolute value of a timing shift amount for a control 
signal contained in the leading combination is Smaller than 
the absolute value of a timing shift amount for HT-SIG 
contained in the remaining combinations. This allows 
improving the characteristics of a MIMO system while 
maintaining the compatibility with a legacy system. Since 
another packet format that does not contain L-STF and the 
like is also produced, the utilization efficiency of packet 
signals can be raised. Furthermore, the packet signals are 
used by selecting the packet format containing L-STF and 
the like or the packet format not containing L-STF and the 
like, so that either the compatibility with a legacy system or 
the increased utilization efficiency can be selected. 
0105 Different amount values of timing shift amounts 
are set to the packet formats that contain L-STF and the like 
and those that do not contain them, respectively. Hence, the 
degradation in demodulating HT-SIG can be Suppressed 
even when the packet formats differ. Either the packet 
format containing L-STF and the like or the packet format 
not containing them is selected depending on whether or not 
there exists a radio apparatus of a legacy system in the 
vicinity, so that the packet format can be used according to 
the Surrounding environment. 
0106 The present invention has been described based on 
the embodiments. These embodiments are merely exem 
plary, and it is understood by those skilled in the art that 
various modifications to the combination of each component 
and process thereof are possible and that such modifications 
are also within the scope of the present invention. 
0.107 According to the embodiments of the present 
invention, the description has been given of a case when the 
number of multistreams is “4”. However, the present inven 
tion is not limited thereto and, for example, the number of 
a plurality of streams may be less than “4” or may be greater 
than “4”. Along with this example, the number of antennas 
12 may be less than “4” in the former case and may be 
greater than 4' in the latter case. According to this modifi 
cation, the present invention can be applied to a variety of 
the number of streams. 

0108) While the preferred embodiments of the present 
invention have been described using specific terms, such 
description is for illustrative purposes only, and it is to be 
understood that changes and variations may be made with 
out departing from the spirit or Scope of the appended 
claims. 
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What is claimed is: 
1. A radio apparatus for transmitting a packet signal 

composed of a plurality of streams, the apparatus compris 
ing: 

an input unit which inputs a plurality of combinations of 
control signal on a data signal and said data signal 
wherein the combination contains data signals which 
are to be assigned respectively to a plurality of streams; 

a generation unit which generates a packet signal in a 
manner Such that a data signal contained in a leading 
combination among the plurality of combinations 
inputted by said input unit is assigned posterior to a 
known signal, a data signal contained in the leading 
combination is assigned posterior to said control signal, 
then a known signal is appended to at least one of the 
remaining combinations and then the remaining com 
binations are sequentially assigned posterior to said 
data signal; and 

a transmitter which transmits the packet signal generated 
by said generation unit. 

2. A radio apparatus according to claim 1, wherein while 
using as a reference a first known signal assigned to one of 
a plurality of streams and applying a cyclic timing shift 
within the known signal to a known signal assigned to 
another stream, said generation unit applies also a timing 
shift to the control signal, and sets an amount of timing shift 
in a manner that the amount of timing shift for the control 
signal is identical to a value of that for the known signal. 

3. A radio apparatus for transmitting a packet signal 
composed of a plurality of streams, the apparatus compris 
1ng: 

an input unit which inputs a plurality of combinations of 
control signal on a data signal and said data signal 
wherein the combination contains data signals which 
are to be assigned respectively to a plurality of streams; 

a generation unit which generates a packet signal in a 
manner Such that while a first known signal is being 
assigned anterior to a control signal contained in a 
leading combination among the plurality of combina 
tions inputted by said input unit and a second known 
signal is being assigned posterior to said control signal, 
a data signal contained in the leading combination is 
assigned posterior to the second known signal, the 
second known signal is appended to at least one of the 
remaining combinations and then the remaining com 
binations are sequentially assigned, posterior to said 
data signal; and 

a transmitter which transmits the packet signal generated 
by said generation unit. 

4. A radio apparatus according to claim 3, wherein while 
using as a reference a first known signal assigned to one of 
a plurality of streams and applying a cyclic timing shift 
within the first known signal to a known signal assigned to 
another stream, said generation unit applies also a timing 
shift to the second known signal and the control signal, and 
wherein while setting an amount of timing shift to different 
values for the first known signal and the second known 
signal, said generation unit sets an amount of timing shift in 
a manner that an amount of timing shift for the control signal 
contained in the leading combination is equal to a value of 
that for the first known signal contained in the leading 
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combination, and an amount of timing shift for a control 
signal contained in the remaining combinations is equal to a 
value of that for a second known signal contained in the 
remaining combinations. 

5. A radio apparatus according to claim 3, further com 
prising a selector which selects either a first format or a 
second format and causes said generation unit to generate a 
packet signal of the selected format wherein the first format 
is such that while a first known signal is assigned anterior to 
a control signal, and a second known signal is assigned 
posterior to said control signal, and the second format is 
Such that a control signal is assigned posterior to a second 
known signal and a data signal is assigned posterior to said 
control signal, 

wherein, among the plurality of combinations inputted by 
said input unit, said selector selects the first format 
when said selector has said generation unit generate a 
packet signal of the leading combination, and said 
selector selects the second format when said selector 
has said generation unit generate a packet signal of the 
remaining combinations. 

6. A radio apparatus according to claim 3, wherein said 
generation unit applies also a cyclic timing shift to a data 
signal, and sets an amount of timing shift to different values 
for a control signal and a data signal contained in the leading 
combination and sets an amount of timing shift in a manner 
that an amount of timing shift for control signals contained 
in the remaining combination is equal to that for data signals 
contained in the remaining combinations. 

7. A radio apparatus according to claim 3, wherein said 
generation unit sets an amount of timing shift in a manner 
that the absolute value of a timing shift amount for the 
control signal contained in the remaining combinations is 
greater than the absolute value of a timing shift amount for 
the control signal contained in the leading combination. 

8. A communication system, comprising: 

a transmitting apparatus which transmits a packet signal 
composed of a plurality of streams; and 

a receiving apparatus which receives the packet signal 
transmitted from said transmitting apparatus, 

said transmitting apparatus including: 

an input unit which inputs a plurality of combinations 
of control signal on a data signal and said data signal 
wherein the combination contains data signals which 
are to be assigned respectively to a plurality of 
Streams; 

a generation unit which generates a packet signal in a 
manner Such that a control signal contained in a 
leading combination among the plurality of combi 
nations inputted by the input unit is assigned poste 
rior to a known signal and a data signal contained in 
the leading combination is assigned posterior to said 
control signal, then a known signal is appended to at 
least one of the remaining combinations and, there 
after, the remaining combinations are sequentially 
assigned posterior to said data signal; and 

a transmitter which transmits the packet signal gener 
ated by the generation unit. 
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9. A communication system, comprising: assigned anterior to a control signal contained in a 
a transmitting apparatus which transmits a packet signal leading this t the Ellis, of SR 
composed of a plurality of streams; and nat1OnS inputte y t input unit and a secon 

known signal is being assigned posterior to said 
a receiving apparatus which receives the packet signal control signal, a data signal contained in the leading 

transmitted from said transmitting apparatus, combination is assigned posterior to the second 
said transmitting apparatus including: known signal and a second known signal is appended 

- 0 to at least one of the remaining combinations and 
an input unit which inputs a plurality of combinations then the remaining combinations are sequentially 

of control signal on a data signal and said data signal assigned posterior to said data; and wherein the combination contains data signals which 
are to be assigned respectively to a plurality of a transmitter which transmits the packet signal gener 
Streams; ated by the generation unit. 

a generation unit which generates a packet signal in a 
manner Such that while a first known signal is being k . . . . 


